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World-wide programs in both magnetic confinement and inertial 
confinement fusion research have made steady progress towards the 
experimental demonstration of energy breakeven ‘ » Both approaches 
are now in reach of this goal within the next few years using a D-T 
equivalent plasma. For magnetic confinement, this step is expected in 
one of the large tokamak experimental devices such as TFTR (USA), JET 
(EC), JT-60 (Japan), or T-15 (USSR). Upgraded versions of the Nova 
glass laser (USA) and GEKKO (Japan) also appear to have a good chance 
at this goal. The light-ion beam facility "PBFA-II" is viewed as a 
"dark horse" candidate. Recent physics parameters obtained in these 
various experiments will be briefly reviewed in this presentation. 

However, after breakeven is achieved, considerable time and 
effort must still be expended t© develop a usable power plant. The 
time schedules envisioned by workers in the various countries involved 
are fairly simi lar . * > ■ * ) For example, the European Community (EC) 
proposes to go from the physics studies in JET to an engineering test 
reactor (NET) which has a construction decision in 1991. This is 
projected to result in a demonstration reactor after 2015. Plans for 
inertial confinement are currently centered on the development of a 
"next-step" target facility baaed on an advanced 5-megajoule laser on 
roughly the same time scale as NET.<*> The facilities required for 
both magnetic and inertial confinement will be large and expensive. 
Consequently, international cooperation is receiving strong 
consideration for the next magnetic facility, namely ITER 
(International Thermonuclear Experimental Reactor). This project 
would be shared by the USA, EC, USSR, and JAPAN. 

The main program described above is focused on D-T devices. For 
burning advanced fuels such as D->He however, alternate confinement 
concepts with high (> 30%) plasma beta (magnetic confinement ) t « ) or a 
D-T seed ignited burn < ’ > (inertial confinement) appear necessary. 

These alternatives have less of a physics data base than the tokamak 
and conventional inertial targets. Thus, the possibility of success 
is less certain and the best approach not so clear. 

In magnetic confinement, three of the most promising high beta 
approaches with a reasonable experimental data base are the Field 
Reversed Configuration ( FRC ) , the high field tokamak, and the dense Z- 
pinch. The best experimental data from an FRC is roughly an order of 
magnitude lower in temperature and 2 orders of magnitude less in 
Lawson nrt than the best tokamak results.*®’ Jlowever , these results 
were achieved with a much smaller, less costJj' experimental device. 
Also a number of key issues such as control of certain instabilities 
and the establishment of methods for adiabatic compression and 
translation have been resolved.*’’ A high-field tokamak has just 
become operational in the USSR while the Ignitor Apparatus is being 
designed in Italy. A related device, CIT, is proposed as a "next- 
step" ignition experiment in the U. S. Z-pinch studies in both the U. 
S. and Europe have made rapid strides with the discovery that a 
relatively stable pinch can be formed by passing a high current 
discharge through a thin deuterium fiber. Consequently, there appears 
to be a solid physics data base to build on in these areas if a 
development plan to burn D-’He is desired. 



The situation is less clear in inertial confinement where the 
first step requires an experimental demonstration of D-T spark 
ignition. It appears that this must wait for the next generation of 
high-powered laser drivers combined with advanced target designs. 

In conclusion, it appears that fusion research has reached a 
point in time where an R&D plan to develop a D-^He fusion reactor can 
be laid out with some confidence of success. Such a plan could build 
on the continuing progress in D-T studies, but the development of an 
alternate confinement concept(s) would be essential. Because 
engineering problems (e.g., tritium breeding and neutron damage to 
materials) are reduced and an approach such as the FRC involves 
relatively small experimental devices, the D-*He development program 
appears to be much less expensive than the D-T tokamak program. Also, 
as shown by several reactor studies (e.g., see Ref. 10), the resulting 
reactor is thought to boast important benefits with improved 
environmental compatibility, small size, higher efficiency, and 
favorable economics. 
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PROGRESS TO DATE IN FUSION RESEARCH AND DEVELOPMENT 


Large Tokamak Facilities 


Characteristic 

TFTR 

JET 

JT-60 

T-15 

Location 

USA 

EC/UK 

Japan 

USSR 

Experimental Start 

1982 

1983 

1985 

1987 

Major Radius (m) 

2.5 

3.0 

3.0 

2.4 

Minor Radius (m) 

0.85 

1.25 

0.95 

0.70 

Elongation 

1.0 

1.6 

1.0 

1.0 

Toroidal Field (T) 

5.2 

3.5 

4.5 

5.0 

Plasma Current (MA) 
Auxiliary Heating 

3.0 

5.0 

2.7 

2.3 

(MW) 

30 

40 

30 

30 

Heating Pulse (s) 

2 

10 

5 

>1 

Heating Methods 

Neutral 

I CRH 

NB 

ECH 


Beam (NB) 
I CRH 

NB 

LHH 

ICRH 

NB 

Working Cas 

H,D,DT 

H,D,DT 

H,D 

H 

Special Featureb 

Adiabatic 
compression 
Tangential NB 

D-Shape 

Outer 

divertor 

Super- 

con- 

ducting 

coils 

Program Emphasis 

Confinement 
at high nT 

Confinement 
at high 6 

Confinement 
at high nT 

ECH 


DT breakeven 

High-power rf 

Plasma shaping 
Alpha physics 

High-power rf 
Divertor 

Plasma 

control 
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Ion lomporature (kaV> 


Plasma Parameters Achieved by Various Confinement Concepts 



Conlincment parameter (particle -sec cm'^) 

KEY: S V SoMromak-1; Princeton Plasm# Physics Laboratory, Princalon. NJ 

TMX U Tanflem Mirror Eioeriment Upgiaae: Lawrence Lisermora National Laboratory, Livermore. CA 
ZTaOM lotoiflal 2 pinch. -SO, MoOltleO: Los Alamos National Laboratory, Los Atamos, NM 
PPX c fielO Peversefl Eioe'iment C: Los Atamos National Laboratory, Los Alamos NM 
OHTE. Ohmically HeateO Toroidal Experiment; GA Technologies, Inc,, San Diego, CA 
Camma-tO University ol TsuXuba. Ibaraxi. Japan 

WVII A Mendelslein VII A: Institute lor Plasma Phyaica, Oarchlng. Faooral Republic ol Germany 
HEL E Maliol'on E; Kyoto University. Kyoto. Japan 
D III Ooubiel III: GA Technologies Inc . San Diego. CA 

JET: Joinl European Torus: JET Jolnl Undertaking. Abingdon. United Kingdom 

TFTR Tokamak Fusion Tesi Reactor; Princeton Plasma Physics Laboratory, Princalon, NJ 

ALC-C' Alcator C; Masaachuaetts Institute ol Technology, Cambridge, MA, 

SOURCE: Oflics Of Tscnnology Asaeasmeni. ISdT. 
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Figure 4-14.— Progress in Tokamak Parameters 



Year 


(A) nsT. representing the simultaneous achievement of the three parameters-density. ion temperature, and contm; 

' ment time— needed to produce fusion power 

(B) T| - ion temperature 

(C) < 0 > -beta- ratio of plasma pressure to magnetic field pressure; provides a measure of the efficiency with v;hicr 

the magnetic fields are used 

SOURCE: Upa»l»d trom Nilional Bawircn Council. Physics Through the 1990s Pttsmms moo Fluias (Washington. DC National Acaoamy Piess, 1S»|. ligura a C : if : 


■#85X1590 



Recent progress of toroidal experiments towards the beta regime 
of an ignited reactor. The illustrative cross-section shapes indicate theo- 
retical beta-limits for aspect ratios of about 3. Experimental results are 
mainly for near-circular cross-section tokamaks, except for OIII-D (D-shapedI 
and PBX (bean). 
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Alternate Paths for Concept Development 


Achievement 

of 

perimeters 


Tests of 
reactor 
conditions 


Integrated 

proof-olprinciple 

tests 


Proof-ol-concept 

tests 


Exploratory 

Studies 


Performance- 



tOuACE Aaisteo Argonn# N«(ioncl LatMfAtory. Pitntung AcUvUf fm»i Rtpon. commissioned by me U S OeDanmeni o> Energy Office of Energy 

Aetearcb. ANU^PP 6M. January 1967. figure t.S. p 56. 


Historical Magnetic Fusion R&D Funding, 1951-87 (in current dollars) 



SOURCE: U S Oapannyent of Ertergy. Offtct of Ervergy Reaaarch. lollor to OTA proieci ataff. Aug 15. 1966 
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FUTURE PLANS FOR U.S. MAGNETIC FUSION PROGRAM PLAN 


MFPP 

Strategic flFPP TPA TPA 

Objectives Technical Issues Planning Areas Planning Groups 



MFPP Goal 


establish 
Sciantific end 
Tachnoiogteei 
Oasa for economic 
and Cnvironmantal 
Assassmant of 
Fusion 


Structure of Technical Planning Activity and Its Relationship to Magnetic Fusion 

Prog^m Plan 
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Top Level Decision Points in the Magnetic Fusion Program 


Confinement 

systems 


Select concepts I 
» integrated proof-i 
principal tests 


Select concepts (or 
i reactor condition tests 


Burning 

plasmas 


Short pulse ignition 


Long burn 
demonstration 


Fusion 


Nuclear 

technology 


Nuclear 
I technology 
testing 


Assessment 


Materials 


^ Lifetime 
irradiation data 


SOURCE: Argonnc Ntlionat LaDoratory. TechnicBl Ptsnning AcUvity Fm»t Report, commissioned by ihe U S Oeperiment of Energy. Office of Fusion Energy. ANUFPP-87-i , 
January 1967, figure S 6, p. 23 


Confinement 

systems 


Burning 

plasmas 


Reference Scenario for Ihe Magnetic Fusion Program 


Proof of principle 


demonstrated for 
Qlj Improved concepts 

operates 


2000 2005 


Reactor conditions 


demonstrated 
for improved 
concepts 


r rn ignition 
I I demonstrated 

Engineering Test I g-j-p Operates 
Reactor (ETR) i _ 


Fusion 

assessment 


Nuclear 

technology 


Long burn demonstrated; 
fuel sell sufliciency and 
energy recovery demonstrated 


Materials 


f Operate 14-MeV n^tron source determined ! 

/ p \ ^ — 1 M I to 100 displacements- 

1—1 par-atom 

Features; • Short-pulse ignition (CIT) device 1s undertaken. 

• An Engineering Test Reactor (ETR) is used lor long-burn demonstration and nuclear- j 
technology testing with limited liletime data. 

• Confinement-concept development proceeds in parallel with ignition long/burn 
demonstration. 

• Materials Irradiation lifetime data is available from a 14-MeV-neutron source. 


SOURCE Afflonn* N»tion»l LAbonlory. UchnicMl Punning Aclimiy fUpon. commitaioned by m« U S Depinmenl o( EtwtQy. Of«c# ol Fuaion Entigy, ANUFPF-t' ' 
January 1987. figurt 5.10. p. 27. 
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COMMENTS ABOUT ADVANCED FUELS IN U.S. MAGNETIC FUSION PROGRAM PLAN 


Fusion Fuel Cycles* 


Perceni of energy carried 

Cycle Primary reaction by charceo panicles 

D-T cycle D + T — *He + n + 17. 59 million electron volts (MeV) 20- : 

{D-deuterium; T-lritium; 'He-alpha particle, or helium nucleus) 

D-D cycle D-i-D-p-i-T + 4.03 MeV 62':- 

D-l-D-*He-fn-t-3.27 MeV 

(p — proton; ’He-helium isotope with one less neutron than *He) 

D-*He cycle D-i-’He— *He-i-p-M8.34 MeV upto9S':' 

D-*Li cycle D-l-‘Li— 5 diderent reactions over 65' : 

l*Li— isotope ol lithium) 

p-"B cycle p-l-''B-*He-t-*He + ‘He-i-8.66 MeV almost 100' r** 

l"B-isotope ol boron) 


in order of increasing difficulty, the last reaction is from 100 to 10.000 times harder to iqniie tnari the first one depending on iem:era:c’p 
Hiiiy two percent is the fraction of the energy earned off by charged partiefes. assuming thai the intermediate reaction products (T and ‘h* -ear- 'tnrief via D f 
•nd D 'He reactions With these •dditionat reactions, the full reaction is 

60 — o^p-»-n-4-n4 •He*i 'Me 43 2? MeV 

^Ninciy’tignt percent can be attained for miiiures lean in D and nch in *He (see footnote 21 *n mam lent apovei 

low energy (0 15 MeV) neutron (s produced m the secondary reaction •He-* ’'6-n * “W -♦■O 150 MeV j *N isolooe of nitroger^l 

SOURCE: U S. Oeoartmenl of Energy. Background Informstton snd Techmeat Basts for Assessment of £n¥ironrr}eniai Implications of Magnetic Fusic’' OOE/ER 0179 

August 1963. p. 2-3 (table 2.1) and pp 2 24 to 2-27. including tabie 2 2 


Objectives and Attributes for Alternative Fuels 
Program Element 


Objectives 

Attributes 


Minimize production and 
handling of tritium. 

Cost of tritium-handling sub- 
system, expressed as percent of 
total plant cost 

Minimize production of 
neutrons* 

Fraction of total fusion energy 
carried by neutrons, expressed 
as percent 

Maximize potential for 
nont.iermal energy con- 
version. 

Overall plant efficiency, 
percent 

. in 

Maximize capability to 
achieve the higher beta 
and confinement times 
necessary for alternative- 
fuel systems. 

Predictive capability of plasma 
theory to verify experiment 


OSJGiriAL PAGE fS 

OF POOR QUALITY 


83 



84 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Level 2 Logic Diagram for Alternative Fuels 



COMMENTS ABOUT ALTERNATIVE CONFINEMENT CONCEPTS WELL SUITED FOR D/^He 
OPERATION AND DEVELOPMENT PLANS FROM U.S. MAGNETIC FUSION 

PROGRAM PLAN 


Classification of Confinement Concepts 

Well-developed Moderately developed Developing 

knowledge base knowledge base knowledge base 

Conventional Tokamak Advanced Tokamak Spheromak 


Tandem Mirror Field-Reversed Configuration 

Stellarator Dense 2-Pinch 

Reversed-Field Pinch 

SOURCE Ad»pleS Item Atgonn* N»non»l tAboiilory. Fusion Powsi Piopiam Tecnnicai PUnmnp AehMy fmH Report, com 
missioneO by the U S Oepenmeni oi Energy. OMice ol Fusion Energy ANL'FPP Sr i t967, o 15 


Spheromak 


Poloidal magnetic lield 
Toroidal magnetic field 

SOURCE: M N RosenWuth and M N Bussac. "MHO Stability ol Spneromali. " 

Nud 9 »r FtiSton 19(4) 469-49S {Vtenna. Austria: tniarnational Atomic 
Enargy Agartcy. 1979) 
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Major World Spheromaks' 


Device Location Status 


S -1 United States (PPPL) To be terminated, fiscal year 1988 

CTX United Stales (LANL) Terminated, fiscal year 1987 

MS United States (University of Maryland) Under construction 

CTCC Japan Operating 

Manchester U United Kingdom (University of fvlanchester) Operating 

TS-3 .Japan Operating 


•titieo •P0'O«iin«lely by fl«cf«»$ino order o( me »i» o( the epheromeli reieercb elloM »i eich siie n is Oiiiicuii to soeciiy »ny single pnysicei peremeier es a lougn 
measure oi tpheromaa capabiluy 
SOURCE OMice of Technology Assessmeni. 1987 


SpheromaJc Program Elements, Subclements, Objectives, and Attributes 


Program Elements 
and Subelemencs 

Object i ves 

Attributes 

Macroscopic Equilibrium 
and Dpiamics 



Macroscopic Stability 

Minimize the amount and com- 
plexity of external structures 
(both driven and passive) re- 
quired to control equilibrium 
and gross tilt and shift 
instabilities. 

Field-line symmetry 
and closure 

Current- and Pressure- 
Driven Effects 

Obtain q-profiles that reduce 
kink- and bal looning-mode 
effects . 

q(i|i), <8> 

Transport 



Energy Confinement 

Control the processes chat 
determine spheromak energy 
loss . 


Wave-Plasma 

Interactions 



Wave Heating 

Apply auxiliary heating or 
current drive by efficient 
rf techniques, as required. 

Source- to- spheromak 
efficiency 

Particle-Plasma 

Interactions 



Impurity Control 

Reduce impurity effects 
through combined ohmic-heating, 
burn-through and divertor 
action of open magnetic flux. 

^eff 

Composite 



Pulse-Length 

Optimization 

Develop methods for sustain- 
ment against resistive decay, 
based on helicity injection 
or current drive. 

Ef f i c i ency , 
^pulse^^R 
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l.cvc) 3 l-<;(jic l)ii»i;rum for Si>hcromiik Pliibiim Tccimolotjy 



Field-Reversed Configuration 



igt-'CE N«l>on»l R*»earch Council Physics Through Ihr 1990s Pissmas tna 
(WMhinpiorv. DC Natiort*! Academy Press 1986 ) 


Major World Field-Reversed Configurations* 


Device Location Status 

LSX United States (Spectra Technologies) Under construction 

FRX-C United States (LANL) Operating 

BN. TOR U.S.S.R. (Kurchatov) Operating 

TRX-2 United Slates (Spectra Technologies) Operating 

OCT. PIACE Japan (Osaka University) Operating 

NUCTE Japan (Nihon University) Operating 


*LitlM (pp'oiimticly br OvciMsing Older ol (ire. (imileny (ired devices st me seme insiiiuiion eie listed lopemer 
SOURCE Otfict of Ttchnologv Assessment. 19B7. from inlormeiton supplied by tfie Los Alamos Nanonai Laboratory 
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Prtllmlnery Slsblllzstlan Sludlit 


GINAL PAGE fS 
POOR QUALITY 



89 


l.ovrl 2 I)in(;nim for the I’ield Keversed Coiiriipiriitioii 




Field-Reversed Configuration Program Elements, Subelements, 
Objectives, and Attributes 


Program Elements 
and Subelements 

Objectives 

Attributes 

Macroscopic Equilibrium 
and Dynamics 



MHD Equilibrium and 
Stability 

Maintain stability with 
increased s. 

Value of s 

Transport 

Energy Confinement 

Demonstrate favorable scaling 
of energy confinement with s. 

T^(S) 

Heating 

Establish adiabatic compres- 
sion as viable method. 

T^demp. ) 

Composite 

Formation 

Develop lower-voltage forma- 
tion method. 

Tp formation 
timescale 


Dense Z-Pinch 



OMict of Technology Assttemeni. 1987 


ORIGINAL 

POOR 


page is 
quality 
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l.cvel 2 I<oi;ic Diacriiin for Dcir/.c V. Piiicl* 







Program Elements, Subcicments, Objectives, and Attributes for the 
Dense Z-Pinch 


Program Elements 
and Subelements 

Object i ves 

Attributes 

Hacroscopic Equilibrium 
and Dynamics 



Magnetic Transients 

Demonstrate stable equi- 
librium at I ? l.A HA. 

No gross instability 
during current rise 

Transport 



Energy Confinement 

Demonstrate reactor-level 
conf inement . 

ntj. 

Particle-Plasma 

Interactions 



Fueling 

Eliminate accretion. 

N = 0 rep rate in Hz 


Reactor-relevant repetition 
rate . 

Repetition rate in Hz 

Alpha-Particle 

Effects 

Minimize core plasma 
heating; minimize 
exo-column ionization 
and current diversion; 
and understand alpha- 
particle/electrode 
interaction . 

Frequency /mass /cost 
of electrode replace- 
ment 

Radiative Collapse 
of Pinch 

Understand dynamics 
Enhance fuel burning. 

DT burnup 

Composite 

Choose configuration (cold 
boundary vs. vacuum 
boundary) . 

^eff’ ■'E 


0*ie*NAL PAGE ts 
Of POOR QUALJTY 
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Dense Z-Plnch Decision on Proceeding with DD Burn Experiment 


Statement of Decision 

To proceed with the DD burn experiment, in which the primary objective is to 
obtain equivalent DT Q > 1. 

Decision Cnteria 

Obtain stable, static equilibria at the |.5-MA current level- 

Explore confinement scaling for m^. - 10 -10^® s/m , 

Choose between cold^boundary and vacuum-boundary approaches on the basis of 
preliminary transport, stability, and impurity-level assessments. 

Sources of Information 

Results from existing dense Z-pinch experiments. 

Preliminary results from dense 2-pinch DD burn experiments. 

Plasma supporting activities (principally in Europe). 

Outcomes and Consequences of Decision 

Favorable assessment and achievement of the objectives of the DD burn 
experiments would lead to a DT burn experiment and an assessment of the 
technological possibilities of developing the concept towards a reactor 
(particularly with respect to the repetition-rate problem). 

Undertake further research to resolve Che remaining issues. 

Terminate the dense Z-pinch program. 


Cost of Representative Fusion Experiments 


Experiment 

Location 

Type 

Construction cost 
(millions of 1987 dollars) 

Tokamak Facility Test Reactor 

. .PPPL 

Tokamak 

$562 

Mirror Fusion Test Facitity-B 

. .LLNL 

Tandem Mirror 

$330 

Doublet III 

. .GA 

Tokamak 

$ 56* 

Doublet HI D lUogradel 

. GA 

Tokamak 

$ 36* 

Inlernalional Fusion Superconducting Magnet Test Facility . 

. .ORNL 

Magnet Test*' 

$ 36"^ 

Poloidal Divertor Experiment 

. . PPPL 

Tokamak 

$ 54 

Princeton Large Torus 

. .PPPL 

Tokamak 

$ 43 

Tritium Systems Test Assembly 

. .LANL 

Tritium Test^ 

$ 26 

Tandem Mirror Experiment 

. .LLNL 

Tandem Mirror 

S 24 

Tandem Mirror Experiment Upgrade 

. .LLNL 

Tandem Mirror 

$ 23 

Texas Experimental Tokamak 

. .UT 

Tokamak 

$ 21 

Advanced Toroidal Facility 

. .ORNL 

SleMarator 

$ 21 

TARA 

. .MIT 

Tandem Mirror 

$ 19 

ZT.40 

. .LANL 

Reversed Fieid Pinch 

$ 17 

Alcator C 

. .MIT 

Tokamak 

$ 15 

Rotating Target Neutron Source 

. .LLNL 

Materials Test” 

$ 11 

Impurity Studies Experiment-B 

. .ORNL 

Tokamak 

S 5 

Field Reversed Experimenl-C 

. .LANL 

Field-Reversed 

Configuration 

$ 3 

Phaedrus 

. .UW 

T andem Mirror 

$ 1.8 

Macrotor 

. .UCLA 

Tokamak 

S 1.5 

IMS 

. .UW 

SleMarator 

$ 14 

Tokapoie 

. .UW 

Tokamak 

S 0.6 


key — Piasn^a Pnysics Laboratory. Pnneeton New Jersey 

LINL — Lawrence L’verrrtcfe Netionai Laboratory. Livermore. Caltfomia 
OPNL— Oak Pidge National Laboratory. Oak Rioge. Tennessee 
GA^GA Tec*>nuiogies. inc . San Oiego. California 
t,ANL— Los Alamos National Laboratory, Los Alamos. New Mexico 
gT.>Univertiiy of Texas Austin. Texas 

MlT^Massechusetts Institute o* Tecnnoiogy. Cambridge. Massacbusetls 
UW— University of Wisconsin Madison. Wisconsin 
UCLA— University oi Caiifomie. Los Angeles. California 

*Va‘ues shown tor the combined Doublet Hi taciiily and upgrade do not iriclude an additional SS4 niillion (m current dollars) ot hardware provided by the governmeni 
Of Jabih 01 S36 million on dollars) tor a neutral btam addition 

^Tnese tacililies are fui«on technology facilities, all others on the table are confinement physics experiments 

^The cost of this facility does not include the cost of the six magnet coils that are being tested there It is estimated that the magnet coils cost between S12 million 
and SiS million each (in current dollars) 

SOURCE U S Otpariment of Energy. Office of Fusion Energy. 1967. 
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EXAMPLE OF HIGH TEMPERATURE D/^He BURN EXPERIMENT 
OBJECTIVES OF Hl-T EXPERIMENT 

• OBTAIN PLASMA SCALING DATA AT 30 TO 40 keV OF INTEREST TO D-BASED 
ADVANCED FUELS 

• DEMONSTRATE ADVANCED FUEL BURN BY REFUELING TO CONVERT FROM D-T 
TO D/3He 

APPROACH 

• USE D-T THERMAL RUN-AWAY IN HIGH-B RFTP 


RF0P BURN DYNAMIC EXPERIMENT 

NEUTRAL BEAM/PELLET INJECTION INTO FRTP 

• PROVIDES AUXILIARY HEATING BEYOND COMPRESSION/SHOCK 

• PROVIDES FUELING SOtbuRN ~ SxpARTICLE 

• COUNTER-DIRECTED BEAM SUPPRESSES ROTATION 

• DENSITY PROFILE CONTROL SUPPRESSES LOWER HYBRID DRIFT 

WHY RFTP? 

• HIGH (J 

• EXPERIMENTAL DATA PROMISING 

. LSST SCALING SUPPORTS FEASIBILITY OF HIGH-T OPERATION 
. COMPACT SIZE ALLOWS RAPID CONSTRUCTION AT MODEST COST 

• ALLOWS ADVANCED FUELS 
KEY PROBLEMS 

• SUPPRESS PLASMA SPIN-UP 

• SUPPRESS STEP DENSITY GRADIENTS CAUSING LOW HYBRID DRIFT 
INSTABILITY 
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Neutral Beam Heaters 
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ALUMINUM BLANKETS FOR DHo^ REACTORS CROSS SECTION 
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Power 

Split, 
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plasma 

0.39] 

0.76 

fp 

O.37J 

radiation 

0.22 
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CONCEPTS FOR BURNING ADVANCED FUELS WITH INERTIAL CONFINEMENT USING 

A-FLINT CONCEPT 

[Burn propagation ignited by a D-T central spark.] 




Tamper 


THE AFLIHT TARSET CONCEPT USES BURN PROPAGATION TO IGNITE AN 
OUTER DEUTERIU1 UYER. A MAIN OBJECTIVE IS TO PROVIDE 
TRITIUM BREEDING IN THE TARGET (VIA D-D REACTIONS) SO THAT 
THE BLANKET NEED NQT BREED. 



Tamper 


THE BURN PROPAGATION IS IMPROVED BY USE OF ^He (BREED INTERNALLY 
BY D-D ALSO). IN THIS FIGURE AN OPTIMUM ARRANGEMENT IS SHOWN, 
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TRITIUM SELF SUFFICIENCY 



■FLOW DIAGRAM FOR TRITIUM WHEREBY TRITIUM PRODUCED BY D-D REACTIONS 
IN THE BURN IS USED TO MANUFACTURE SUBSEQUENT D-T MICRO-CORES. A 
TARGET TRITIUM BREEDING RATIO tTBR) SLIGHTLY GREATER THAN 1.0 IS 
REQUIRED FOR SELF SUFFICIENCY, I.e., ELIMINATE THE NEED FOR A 
LITHIUM BREEDING BLANKET. 


Prior D-Based Pellet Studies 


REFERENCE 

TYPE 

El 

(MJ) 

c 

_ (J/gm) 

pr 

(gni-cnr^) 

TBR 

G 

WOOD. Ref. 
8 

Cat.O 

Burner 

(T;3hc 

Seed) 

3xOT 

7 

7 

> 1.0 

l/2xOT 

NUCKOLLS, 
Ref. 9 

Cat.D 

Burner 

(T;3hc 

Seed) 

10 

3x10^ 

7 

> 1.0 

7 

MOSES. Ref. 
7 

Pure 0 
Spark 

> 100 

l.Sxlo’ 

40-80 


200-300 

SKUPSKY, 
Ref. 10 

50/50 

0-T 

Spark; 

90/10 

Outside 

0.16 

abs. 

1.6x10® 

25 

0.4 

580 

1978 

A-FLINT, 

Refs. 

12-14 

50/50 
0-T 
Spark; 
Pure D 
Outside 

1.8 

abs. 

9.7x10^ 

13 

1.1 

1700 

1980 
A-FLINT 
Ref. 1 

• 

0.1 

abs. 

5.87x10^ 

6.8 

1.0 

700 


E( ■ Input energy 
c " specific absorbed energy 
TBR ■ trltiuin breeding ratio 
G ■ gain on absorbed energy 
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